T he optimal management for patients diagnosed with esophageal cancer remains a matter of considerable debate. 1 Despite significant advances in the outcomes associated with the concurrent delivery of chemotherapy and radiation, these patients still experience an unacceptably high rate of both local and distant failure. 2 In an attempt to improve upon these therapeutic outcomes, a number of trials have been designed to evaluate the role of surgical resection after the completion of chemoradiation. Although trimodality therapy confers a local control benefit compared with chemoradiation therapy alone, operative mortality rates have often offset any potential benefit in terms of overall survival (OS). 3, 4 However, an unplanned analysis of one prospective trial demonstrated that those with gross residual disease after neoadjuvant treatment experienced increased OS with surgical resection, indicating that these pathologic nonresponders benefitted from further therapy. 5 Several published experiences with trimodality therapy have demonstrated that the degree of pathologic response after neoadjuvant therapy is predictive of survival. Patients achieving a complete response to neoadjuvant therapy have historically enjoyed improved survival compared with those who are found to have residual disease in their esophagectomy specimens. Specifically, residual disease found at the primary site or within regional lymphatics portended a worse survival compared with those who achieved a complete pathologic response. [6] [7] [8] At our institution, we have altered our treatment paradigm in an attempt to improve the results for patients found to have residual disease at the time of surgery. On the basis of an investigator-initiated institutional trial, postoperative chemotherapy was demonstrated to be safely deliverable. 9 To date, little has been published on the role of postoperative chemotherapy after trimodality therapy in esophageal cancer. Therefore, we undertook this retrospective analysis of our experience to examine the impact of this treatment paradigm in patients treated at our institution.
MATERIALS AND METHODS

Patient Eligibility Criteria
We identified 145 patients with esophageal cancer at the University of Maryland who completed trimodality therapy from 1993 to 2009. This analysis was approved by the University of Maryland Institutional Review Board. Retrospective chart reviews were conducted to identify all patients who underwent trimodality therapy at the University of Maryland. Staging was classified according to the AJCC sixth edition and those patients with T1-3, N1, M1 (based on nodal involvement) disease were considered eligible for trimodality therapy. 10 All patients included had either adenocarcinoma or squamous cell histologies.
Treatment
Neoadjuvant treatment predominantly consisted of 2 cycles of 5-fluorouracil (5-FU) and cisplatin with a concurrent median RT dose of 50.4 Gy. Two cycles of 5-FU (1000 mg/m 2 IV, days 1 to 5 and 35 to 39) and cisplatin (75 to 100 mg/m 2 IV day 1 and 35) were administered.
From 1996, CT-based radiation planning was used to target the primary tumor and regional and involved lymph nodes. The planning target volume was generated by expanding 5 cm proximally and distally and 2 cm radially around the primary tumor. The standard radiation dose was 50.4 Gy delivered in 1.8 Gy fractions. Thirty-five patients treated on an institutional protocol received a concomitant boost of an additional 1.5 Gy at least 6 hours after the standard 1.8 Gy for 4 days, for a total dose of 56.4 Gy.
Six weeks after completion of therapy, patients were reevaluated for consideration of surgical resection. This evaluation included clinical, laboratory, and radiologic and endoscopic (EGD) assessment of the patient's condition and tumor response. Patients without evidence of disease progression and acceptable physiological status then underwent surgical resection either through an Ivor-Lewis esophagectomy, a transhiatial, or 3-field approach 6 to 8 weeks after the completion of neoadjuvant therapy.
Pathology was then assessed by serially sectioning (every 2 to 4 mm) the resected esophagus specimen. The pathologist assessed the specimen for: no residual tumor, viable tumor cells, or gross residual visible tumor. The authors of the study then reviewed the pathology results and labeled the lack of any residual tumor cells as a pathologic complete response. The presence of any viable tumor cells or minute clumps of cells within the esophagus tumor specimen was labeled as microscopic residual disease. Gross residual tumor, residual cancer outgrowing fibrosis, or the absence of any regressive changes was labeled as gross residual disease. Response was also assessed in the resected lymph nodes for either a complete response or residual disease within the nodes. Postoperative chemotherapy was then administered to patients 4 weeks after surgical resection. On the basis of an investigator-initiated protocol, patients received 3 cycles of docetaxel (75 mg/m 2 ) given once every 3 weeks regardless of their pathologic response to chemoradiation therapy. 9 After completion of this study, our institutional standard evolved to offer adjuvant chemotherapy to patients found to have residual disease in the esophagectomy specimen. Thus, within our data set, the cohort of patients who did not receive adjuvant chemotherapy was a result of (1) patient refusal, (2) receiving treatment before adjuvant chemotherapy became an institutional standard, (3) limitations in performance status, or (4) near to complete pathologic response with neoadjuvant therapy. For follow-up, patients underwent complete reevaluation including a physical examination, EGD, and CT scan every 3 months for the first year and every 6 months for 2 additional years.
Statistics
Descriptive statistics are used to describe the sample of patients according to demographic and clinical characteristics, including measures of central tendency and variability for continuous variables, and frequencies and percents for categorical variables. Estimates of OS and cause-specific survival (CSS) are graphically displayed and were calculated using the Kaplan-Meier product-limit method. 11 Time was measured from date of resection to the occurrence of an event (death from any cause, death from disease, local failure, or distant failure, depending on the outcome measure) or last follow-up visit among patients remaining event-free. Univariate comparisons of outcome were accomplished using the log-rank test. 12 Multivariate analysis (MVA) using stepwise Cox proportional hazards regression models were used to evaluate predictors of outcome. 13 Stepwise modeling was used, as opposed to full modeling, because of the restriction on power associated with the sample size. The primary independent measure was the receipt adjuvant chemotherapy (yes vs. no). Other covariates examined in the MVA included nodal status (N0 vs. N1), T stage (ordinal T1 through T4), N stage, (ordinal N0, N1), M stage (ordinal M0, M1A, M1B), ECOG performance status (ordinal 0 through 3), histology (adenocarcinoma vs. squamous), differentiation (ordinal well to poor), extent of disease (continuous in length of esophageal tumor), age (continuous in years), and sex (male vs. female). The multivariate model generated for all subjects also included an indicator variable for complete versus partial response. The proportional hazards assumption was examined using normal quintile plots. Statistical significance is taken at the 0.05 level, with no adjustment for multiplicity because of the underlying sample size.
RESULTS
Patient and tumor characteristics were evenly distributed between the 62 patients who received adjuvant chemotherapy and the 83 that did not (Table 1 ). On the basis of the change in treatment philosophy during the timeframe of this retrospective analysis, there was a higher percentage of patients who had positive nodes at diagnosis in the postoperative therapy group.
Sixty-two patients received postoperative chemotherapy. Ninety-two percent of these patients (n = 57) were prescribed 3 cycles of adjuvant docetaxel. Twenty-seven patients received adjuvant treatment as part of an institutional trial, and 35 received chemotherapy based on adverse pathologic features such as macroscopic residual in the primary or residual disease in the dissected lymph nodes.
Toxicity
Eighty-six percent (49/57) of patients were able to complete all 3 cycles of docetaxel. Six patients were only able to complete 2 cycles and 2 patients were able to finish only 1 cycle. Four other patients were given additional 5-FU and cisplatin and were able to complete 2 cycles. Fifty-three percent of patients experienced either grade 1 or 2 toxicities, whereas 27% had either grade 3 or 4 toxicity. All toxicities associated with adjuvant therapy are listed in Table 2 .
Impact of Postoperative Chemotherapy on OS
The 5-year OS for the entire cohort of patients was 37.5%. The 5-year CSS was 46.1%. The pathologic complete response rate for all 145 patients was 34%.
Among the partial response group, we performed a MVA examining these factors: age; sex; differentiation; histology; T, N, and M stage; performance status; adjuvant chemotherapy; and disease length. A univariate analysis demonstrated adjuvant therapy (P = 0.028) and M stage (P = 0.028) as significant predictors for OS, and M stage (P = 0.042) for CSS. On MVA, postoperative chemotherapy (P = 0.013, 0.021) and M stage (P = 0.008, 0.029) were significant predictors for OS and CSS, respectively, within those with a partial response. Among the complete response group, no variables were significant predictors for overall and CSS. Among the entire cohort, M stage (P = 0.012, 0.027) was a significant predictor of OS and CSS, respectively.
When survival was analyzed based on the use of postoperative chemotherapy, there was a statistically significant difference noted. The 5-year OS for patients receiving adjuvant chemotherapy was 37.1% versus 18.0% (P = 0.024) and 5-year CSS was 49.6% versus 32.9% (P = 0.172) ( Fig. 1) .
As we and others have previously published studies that document the impact of pathologic response on survival, we examined the potential benefit of postoperative chemotherapy based on pathologic response to preoperative chemoradiotherapy. Thirty-four percent of patients had a complete response to neoadjuvant chemoradiation therapy (49 patients) of which 32.6% (16/49) patients received postoperative chemotherapy. Patients who had a complete response to neoadjuvant chemotherapy did not experience a significant OS or cause-specific benefit with postoperative chemotherapy, 5-year OS 48.2% versus 16.9% (P = 0.270) and 5-year CSS 60.9% versus 43.7% (P = 0.818) (Fig. 2 ).
There were 96 patients who had a partial response to neoadjuvant therapy of which 48% of these patients received postoperative chemotherapy (n = 46). These partial responders experienced a benefit with postoperative chemotherapy with a 5-year OS 31.2% versus 21.4% (P = 0.037) and 5-year CSS 45.1% versus 28.0% (P = 0.101). Within the group of patients that had a partial response to neoadjuvant chemoradiation, we performed subanalyses to determine any subgroups that may have had a significant benefit with adjuvant chemotherapy. Of those who had a partial response within the esophageal primary specimen, 69% (63/91) had macroscopic residual disease and 31% (28/91) had microscopic residual disease. Those with macroscopic residual disease in the primary esophageal specimen had a statistically significant benefit with additional chemotherapy after surgery with a benefit in both 5-year OS 38.7% versus 13.9% (P = 0.016) and a 5-year CSS 42.8% versus 18.8%, (P = 0.048) ( Fig. 3 ). However, those who had microscopic residual disease within the esophageal specimen did not significantly benefit from additional chemotherapy: 5-year OS 51.9% versus 42.1% (P = 0.922) and 5-year CSS 25.9% versus 32.5% (P = 0.764) ( Fig. 4) .
To confirm that the survival benefit conferred by adjuvant chemotherapy was not influenced by performance status, we examined the impact of adjuvant chemotherapy in those patients with an ECOG performance status of 0 to 2. Forty-six patients received adjuvant chemotherapy and 33 did not. Adjuvant chemotherapy in this population provided a significant OS and CSS benefit with 5-year OS 46% versus 21% (P = 0.022) and 5-year CSS 50% versus 30% (P = 0.037).
DISCUSSION
Several series in the literature have shown that pathologic response to neoadjuvant therapy is an important predictor of OS in patients with esophageal cancer. [14] [15] [16] Stahl et al 4 demonstrated a correlation between tumor response to induction chemotherapy and survival. In the University of Michigan randomized trial, patients who achieved a pathologic complete response to neoadjuvant chemoradiation had a 3-year survival of 64% versus 19% for those found to have residual disease. 17 Meguid et al, 18 have demonstrated that patients who had residual disease after trimodality therapy were approximately twice as likely to recur distantly. In an MD Anderson retrospective analysis, the amount of residual disease in the esophageal surgical specimen was found to proportionally relate to distant metastatic rate. 7 Our pathologic complete response rate of 35% compares favorably with other series in the literature. 14 We have previously published our institutional experience with trimodality therapy and shown that the presence of gross residual disease is a negative predictor of overall and CSS. 19 Those with a complete response or only microscopic residual disease had a 3-year OS of 58% and 53%, respectively, compared with those with gross residual disease who had a 3-year OS of 29%. Given the poor outcomes for patients with gross residual disease, these data provided the impetus to investigate the potential impact of adjuvant chemotherapy on this patient population.
In this retrospective analysis, we have demonstrated that postoperative chemotherapy was associated with an improvement in overall and CSS for those patients found to have gross residual disease in the esophagectomy specimen after neoadjuvant therapy. On MVA, adjuvant chemotherapy was a significant predictor of both OS and CSS for those patients who had gross residual disease. The fact that this impact on survival was not seen in patients who had a complete response Fatigue  13  4  2  0  GI  12  16  7  1  Hematologic  0  2  3  4  Neurological  2  1  1  0  Infection  0  2  0  1  Fever  1  0  0  0 or microscopic residual disease suggests that postoperative chemotherapy can impact the outcome only for those with a high risk of disease recurrence. In addition, in the group of patients who received postoperative chemotherapy, there was a greater proportion of patients with adverse pathologic features such as positive nodes at diagnosis and gross residual disease after surgery. Despite the disproportion of negative prognostic factors, postoperative chemotherapy continued to provide an overall and CSS benefit for this population of patients. Some investigators have questioned whether patients who complete trimodality therapy can endure additional chemotherapy after surgery. In our experience, rigorous patient selection and improved surgical, radiotherapy, and support techniques have resulted in improved patient tolerance for postoperative therapy. As a result, a majority of our patients were able to undergo additional chemotherapy after surgical resection. To ensure that our findings were not confounded by potential selection bias based on performance status, we included this as an independent variable in the MVA. Performance status was not significant in the univariate or MVAs for overall or CSS. To validate this finding, we performed an analysis limited to patients with an ECOG performance status of 0 to 2. Adjuvant chemotherapy still provided an overall and CSS benefit when the analysis was limited to patients with the most favorable performance statuses. It is important to note that we utilized docetaxel in the adjuvant setting, whereas the neoadjuvant portion of care incorporated cisplatin and 5-FU. Mechanistically, the benefit from adjuvant docetaxel may be because of the non-crossreactivity with cisplatin that has already been demonstrated in in vitro and clinical studies. 20, 21 Multiple clinical trials in solid tumors have shown taxane activity after the completion of platinum-based treatment in advanced disease. In lung and ovarian cancer, cisplatin resistant disease has been shown to significantly respond to therapy with docetaxel. Results of unresectable stage III or IV lung cancer trials involving docetaxel after definitive cisplatin-based chemoradiation have demonstrated feasibility, with the SWOG study revealing a survival benefit with docetaxel, whereas Hanna and colleagues demonstrated that additional docetaxel gave no significant benefit. [22] [23] [24] [25] There have also been several phase I and II studies investigating the role of docetaxel in esophageal cancer; however, any potential benefit after definitive cisplatin-based therapy has not been studied as in lung cancer literature. [26] [27] [28] [29] However, a randomized trial of advanced gastric cancer, Van Cutsem et al 30 revealed that docetaxel provided an OS benefit when added to cisplatin and 5-FU.
This study is limited by its retrospective nature, inability to control for patient selection, and the relatively small number of patients in this single institution study. Even though we attempted to control our analysis for known prognostic factors (eg, performance status, etc.), unknown factors may have led to these results. Adjuvant chemotherapy was also a more recent addition to our treatment paradigm in 2000 with the initiation of our institutional protocol. The modernization of and improvements in cancer therapies may have influenced outcomes for patients who were treated more recently. In addition, although we attempted to control for performance status in 2 different analyses, there is also the possibility that patients who were offered adjuvant chemotherapy lived longer because they were physically stronger than those patients who were unable to tolerate chemotherapy after trimodality therapy. Only a prospective randomized controlled trial can further define the role of postoperative chemotherapy in relation to pathologic response.
CONCLUSIONS
Our results showed that trimodality patients with gross residual disease in the esophageal surgical specimen had an overall and CSS benefit from postoperative chemotherapy. This benefit was not seen in those with complete responses, or microscopic residual disease. These findings would suggest that postoperative chemotherapy has the ability to impact the clinical outcomes for those patients who are at the highest risk for disease recurrence. The results of this study should encourage further analyses and the future design of prospective trials as we continue to refine the appropriate treatment paradigm for patients based on risk-class stratification.
